Insert: the corresponding Ni 3p core-level XPS spectra of pure NiO, the LCMO/LNO interface and the LNO layer. Figure S5 shows that the intensity of the La 3d 3/2 and Ni 2p 3/2 peaks at the interface is larger than that of the LNO layer. Compared with the spectra of NiO, the larger intensity of this peak may be due to the part contribution of the Ni 2+ because the 2p 3/2 peak of Ni 2+ has the same binding energy as the La 3d 3/2 peak, while the 2p 3/2 peak of Ni 3+ is located at the higher binding energy. Inserts of figure. S5 present the core-level spectra of Ni 3p of NiO, the LNO layer and the interface. The spin-orbit splitting energy between Ni 3p 3/2 and Ni 3p 1/2 peaks is taken as 2 eV. The peaks at 67.0 eV (noted as A) and 70.7 eV (noted as C) are assigned to Ni 2+ 3p 3/2 and Ni 3+ 3p 3/2 , while the corresponding peaks of Ni 2+ 3p 1/2 and Ni 3+ 3p 1/2 are noted as B and D, respectively. For NiO, both charge states (2+ and 3+) are simultaneously presence but 2+ state appears to be dominant (peak B). For the LNO layer, the Ni 3p peak could be fitted by only two peaks, and the peak C for the Ni 3+ 3p 3/2 is absolutely dominant. In contrast, the peak B for the Ni 2+ 3p 1/2 significantly increases at the interface. This is in accordant with the experimental results above in the core-level spectra of Ni 2p. The thickness of the interface region with pronounced Ni 2+ is about 2 nm in the LNO layer. Figure S6 . XPS survey spectra of the LCMO layer, LNO layer and the LCMO/LNO interface.
The valence band offset (VBO) at the LCMO/LNO interface is obtained from the following
where Ni 3p and Ca 2p core level are used due to the fact that these two atomic core level are unique to a single layer of the bilayer. It also noted that these two core levels are intense and narrow in energy width compared with other core levels such as Mn 3s and Ca 2s.
